To explore possible relationship between changing coronary arterial flow patterns and states of coronary circulation, the left circumflex arterial flow (mean and phasic) was measured simultaneously with the oxygen saturation of the great cardiac vein blood (SGCVO2 ,) in anesthetized open-chest dogs. Coronary vasomotion was altered either with administration of drugs or with mechanical interventions. The "intermittent" flow pattern observed in the resting state persisted as far as SGCVO2 remained unchanged or lowered regardless of changes in coronary flow, aortic pressure or heart rate. On the other hand, when increase in circumflex flow occurred simultaneously with elevation of SGCVO2, a "continuous" flow pattern of the circumflex flow was noticed. We suggest that (1) the "intermittent" flow pattern would indicate that efficient O2 uptake from the supplied arterial blood is taking place in the myocardium and (2) the "continuous" flow pattern would indicate presence of arterial flow excess to the myocardial requirement, rendering the increased coronary blood flow less effective for its amount in terms of O2 supply to the myocardium. Additional Indexing Words: Oxygen saturation of the coronary vein blood Intermittent vs. continuous flow pattern Coronary flow pathways BLOOD flow through the coronary circulation is modified principally by 1) changes in aortic pressure, 2) coronary vasomotion, and 3) extravascular compression of the intramyocardial coronary vessels from myocardial contraction. The intermittent compression from rhythmic myocardial contraction impedes blood flow during systole and is responsible for the phasic nature of coronary blood flow.1),2) In normal resting condition, the blood flow through the left coronary artery has a phasic pattern characterized by a major diastolic and minor systolic flow, and its flow rate reaches zero or nearzero at the onset and/or end of ventricular systole.3) Thus, dominance in 
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Additional Indexing Words:
Oxygen saturation of the coronary vein blood Intermittent vs. continuous flow pattern Coronary flow pathways BLOOD flow through the coronary circulation is modified principally by 1) changes in aortic pressure, 2) coronary vasomotion, and 3) extravascular compression of the intramyocardial coronary vessels from myocardial contraction. The intermittent compression from rhythmic myocardial contraction impedes blood flow during systole and is responsible for the phasic nature of coronary blood flow.1),2) In normal resting condition, the blood flow through the left coronary artery has a phasic pattern characterized by a major diastolic and minor systolic flow, and its flow rate reaches zero or nearzero at the onset and/or end of ventricular systole.3) Thus, dominance in diastolic flow with intermittence in flow pattern is one of the major characteristics of the normal coronary circulation. This intermittent flow pattern, however, is not always seen in conditions with altered coronary vasomotion induced by some pharmacological or hemodynamic interventions.
The purpose of the present investigation is to explore possible relationship between flow patterns and the state of coronary circulation with special attention to the balance between myocardial oxygen demand and supply.
METHOD
Twenty-two mongrel dogs weighing 10 to 16Kg (mean 13.5Kg) were anesthetized with 25mg/Kg of sodium pentobarbital given intravenously. Respiration was controlled by a Harvard pump delivering room air via an endotracheal tube. A thoracotomy was performed in the fourth left intercostal space and the pericardium was opened. The circumflex coronary artery was dissected free and an electromagnetic flow probe (1.5-2.5mm, i.d.) was placed just distal to the left anterior atrial branch artery. The mean and phasic coronary flow were measured simultaneously with a Statham SP 201 electromagnetic flowmeter. Teflon catheters (3mm, o.d.) were inserted via the left and right carotid arteries into the left ventricle and the root of the aorta, respectively. Each end of the catheters was connected to a Statham P23Db pressure transducer. The dog was then heparinized intravenously (5,000U).
A curved Kifa green catheter (2.5mm, o.d.) with 4 side-holes at its tip was inserted via the right atrial appendage into the great cardiac vein 2cm apart from the coronary sinus and secured in place. The other end was connected to a Gilford cuvette oximeter R103 for measuring oxygen saturation of the great cardiac vein blood. Withdrawal of the venous blood was carried out with the same amount of blood transfusion by use of a Harvard Infusion-Withdrawal Pump to prevent arterial pressure changes. Contamination of the right atrial blood was carefully prevented by adjusting the withdrawl rate not to exceed the circumflex flow. The oxygen saturation of the venous blood was expressed in percent of that of arterial blood. Hematocrit of the coronary vein blood was determined on several occasions to confirm absence of significant variation during the course of each observation. In experiments with aortic insufficiency, another electromagnetic flow-probe (12-16 mm, i.d.) was placed around the root of the aorta to measure aortic flow. All measurements were recorded on a direct-writing oscillographic polygraph (Brush Clevite M-2600) at a paper speed of 125mm/min or 25mm/sec.
Coronary circulation was altered either with administration of drugs or with mechanical or electrical interventions described below.
The drugs employed were nitroglycerin, acetylcholine, dipyridamole, angiotensin (Hypertensin, Ciba), propranolol, and pitressin. They were diluted in 0.9% normal saline and 1-2ml of which were administered intravenously through a polyethylene catheter inserted via the left external jugular vein into the right atrium. Some of them were also given selectively into the left common coronary artery through a fine polyethylene catheter (P.E. #10, 0.61mm, o.d.) which was inserted in a small distal branch of the left anterior descending artery up to the left coronary aortic pressure started to decline (Fig.4) . The coronary flow then remained decreased than that of the control as long as hypotension persisted. The time course in the changes in the oxygen saturation of the coronary vein blood was similar to that in the flow. Throughout the course of the drug response the coronary flow pattern was "intermittent" and its systolic maximum flow velocity was increased during hypotension.5)
Along with the elevation in aortic pressure induced by aortic constriction, the coronary blood flow was significantly increased (Fig.5) . Oxygen saturation, on the other hand, remained unchanged except some initial fluctuations. Although increased coronary flow occurred both in systole and diastole, its phasic flow velocity reached near zero-flow level at the onset of ventricular contraction, which was in strong contrast to that observed following intravenous dipyridamole in which coronary flow was also greatly increased (Fig.2) . Thus the phasic flow pattern of the increased coronary flow in aortic constriction could be "intermittent". that seen following intravenous dipyridamole (Fig.2) in which case the coronary flow was doubled as well.
On intracoronary injection of 2 units of pitressin, an agent with coronary vasoconstricting but without positive inotropic property,8),9) the coronary blood flow was decreased with little changes in heart rate and aortic pressure. The oxygen saturation of the coronary vein blood was greatly lowered and the phasic coronary blood flow pattern remained "intermittent" (Table I) .
DISCUSSION
The oxygen extraction of the myocardium is surprisingly high and in passing through the coronary circuit, the arterial blood gives up about 70% compression on the coronary vessels, the 2 of the 3 main factors that are responsible for flow pattern determination, were not significantly changed. Therefore, a close relationship is supposed to exist among increase in coronary blood flow, continuous flow pattern and elevation in oxygen saturation of the coronary vein blood.
Judging from continuity in the flow pattern, some portion of the coronary blood was running continuously through somewhere in the myocardium even during systole when extravascular compression on the coronary vessel was normally sufficient to cause momentary cessation of coronary blood flow. It has been known that the systolic myocardial pressure that compresses the intramyocardial blood vessels and hence impedes the coronary arterial flow is greater in the subendocardial than in the subepicardial region.12)-15) Therefore, the flow that was running continuously during systole would preferably occur in the coronary pathways embedded in the outer part of the myocardium.16) These pathways would have stayed open during systole, and dilated more together with the rest of the whole coronary pathways during diastole when intramyocardial pressure was lowered, and would have allowed much more flow to pass. The concomitant elevation in the oxygen saturation of the coronary vein blood indicated that the coronary blood flow with this mode of circulation was in excess of myocardial requirement, at least in the outer part of the myocardium, so that its significant fraction could be assumed to be a kind A-V shunt flow.17) This would render the increased coronary arterial flow less effective for its amount in terms of oxygen supply to the myocardium.
In Fig.9 , the mode of coronary flow pathways through the myocardium in systole and diastole is proposed schematically, in which changes in oxygen saturation in the coronary vein blood are related to those in phasic coronary arterial flow patterns.
In conclusion, the authors suggest (1) "intermittent" flow pattern indicates that the coronary arterial blood delivered to the myocardium is running through such pathways as efficient oxygen uptake could be taken place, and (2) "continuous" flow pattern indicates that significant portion of the coronary flow is running through the subepicardial region during systole and the arterial flow delivered to the heart is in excess of myocardial requirement.
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